Summary The thermogenic response of brown adipocytes to glucagon was reduced by either thyroidectomy or adrenalectomy, while that to noradrenaline was not affected. Polyamines (spermine and spermidine) inhibited glucagon-induced thermogenesis of the cells. These results suggest that glucagon stimulates brown adipocytes under the influence of thyroidal and adrenal hormones, and that polyamines regulate the thermogenesis of brown adipocytes in an inhibitory way.
On the other hand, the calorigenic actions of glucagon were markedly reduced by both thyroidectomy and adrenalectomy, the reduction being significantly larger in the former group. It was also noted that the maximum calorigenic responses of brown adipocytes to glucagon were higher than those to NA in sham-operated animals, as reported previously (KUROSHIMA and YAHATA, 1979) . It is well known that thyroid and adrenocortical hormones are essential for the mobilization and utilization of lipid within BAT in maintaining its thermogenic function. It has been shown that the calorigenic action of NA on BAT in vivo decreases after thyroidectomy and adrenalectomy (KUROSHIMA and troll, 1971) . Moreover, NA-induced in vivo thermogenesis in BAT of conscious rats was significantly suppressed by thyroidectomy and adrenalectomy (Doi and KUROSHIMA, 1980) . However, neither thyroidectomy nor adrenalectomy affected the calorigenic responses of brown adipocytes to NA in the present study. The difference in the results might be attributable to the use of a relatively high dose of NA, which exerted a maximum effect in the present study. It has been reported that lipolysis in rat white fat induced by glucagon or corticotrophin is abolished by thyroidectomy, while that by NA is reduced only when a low dose of NA is used (GOODMAN and BRAY, 1966) . It is also possible that increased blood flow through BAT is partly involved in in vivo heat production. Indeed, there is increased blood flow through BAT caused by NA (FOSTER and FRYDMAN, 1978) . Therefore, it is conceivable that the NA-induced blood flow through BAT is reduced after thyroidectomy and adrenalectomy. If so, this might result in the reduced NA-induced thermogenesis in vivo. However, it has been reported that blood flow through BAT is normal and that NA could increase it in both thyroidectomized and adrenalectomized rats (KUROSHIMA and ITOH, 1971) .
On the other hand, calorigenic responses of brown adipocytes to glucagon were significantly suppressed by thyroidectomy, as is the case in in vivo experiments (Doi and KUROSHIMA, 1980) . It has been reported that the systemic calorigenic action of glucagon is abolished after adrenalectomy and that the glucagoninduced lipolyis in white fat is suppressed in the thyroidectomized rat.
Moreover, KUROSHIMA et al. (1977) showed that the glucagon-induced FFA release from BAT in vivo was completely suppressed after thyroidectomy and adrenalectomy. The present result is in keeping with these previous reports. Since thyroid hormone has been shown to increase glucagon receptors in white adipocytes (MADSEN and SONNE, 1976) , the glucagon receptors of brown adipocytes may have decreased in the thyroidectomized rats. It is also possible that a deficiency of thyroid hormone affects mitochondria and Na+ -K+ -ATPase activity, which have been claimed to be responsible for the thermogenic function of BAT (HIMMS-HAGEN, 1976 ). Since it is evidenced that brown adipose tissue is a glucocorticoid target organ (FELDMAN, 1978) , adrenocortical hormones may regulate the metabolic activity of brown adipocytes through the changes in glucocorticoid receptors of brown adipocytes. The inhibition of glucagon-induced calorigenesis of brown adipocytes was significantly larger in the thyroidectomized rats than in the adrenalectomized ones. Thyroid hormone regulates glucocorticoid receptors of liver (LESENEY et al., 1979) and chronic ACTH treatment simulates cold-acclimation of BAT (LAURY and PORTET, 1980) . Thus, a deficiency of thyroid hormone might have caused the decrease of glucocorticoid receptors of brown adipocytes in a .ddition to the deficiency of thyroid hormone itself . Moreover, an enhanced ACTH secretion due to lack of adrenocortical hormone would have stimulated the brown adipocytes and attenuated the reduction of metabolic activity of brown adipocytes by adrenalectomy.
In addition to the permissive effects of thyroid and adrenal hormones on BAT thermogenesis, it has recently been demonstrated that polyamines may act as a regulator of the thermogenic response of BAT to NA . Glucagon-induced thermogenesis of brown adipocytes was also inhibited by spermine as well as spermidine in dose-dependent manner (Fig . 2) as previously observed in NA-induced thermogenesis . Polyamines are known to decrease the activities of adenylate cyclase and cyclic AMP-dependent protein kinase, and to increase phosphodiesterase, causing a decrease of cellular cyclic AMP levels (CLO et al., 1979) . It is also interesting to note that polyamine levels in rat liver are increased by thyroidectomy (HARIK, 1979) . Therefore, it is likely that thyroid hormone causes the modification of metabolic function of brown adipocytes by regulating their polyamine levels.
